It is a common practice in many anaesthetic centres throughout the world to require a iIIillilllUllt preoperativc haemoglobin level of 109/lOO ml of blood or more, but very few references are qlloted by writers on this subject. A search of relevant medical literature has been made in a 11 attempt to establish the origin and significance of the preoperative haemoglobin requirements Tt'COII/ mended.
In the preoperative examination of the surgical patient it is customary to compare the patient's haemoglobin level with the haemoglobin levels considered necessary for safe anaesthesia (King ] 966, Kowalyshun, Prager and Young 1972) . However, it has been realized and emphasized that haemoglobin levels should not be considered in isolation from other factors of oxygen flux (~unn and Freeman 1964 , Grenvik 1966 , Hogman 1971 , Garby 1971 , Nunn 1971 . lTnfortunately it is not practical to measure easily and routinely the factors of oxygen flux except haemoglobin concentrations, so it is necessary to have a haemoglobin estimation as a base line on which to assess the effects of clinical changes in the other factors of oxygen flux. To determine what preoperative haemoglobin is required it is necessary to correlate information gained from observations on the reactions of anaemic patients to anaesthesia and surgery in clinical situations, as well as information from relevant experimental work on anaesthetized anaemic animals, because there appears to have been very little direct research into the tolerance to anaesthesia and surgery of the anaemic patient (Rawstron 1972, Gillies 197-!. :\Iorgan and Lumley 1975) .
AXAEMIA AND ANAESTHESIA Early \\Titers on anaesthetic practice did not mention anaemia as a contra-indication to anaesthesia (Snow 1847 1851 , Simpson 1871 . red blood corpuscles in vitro and it was suggested that this occurred during anaesthesia (Samson 1865 ) but this was refuted by McQuillen (1869) who showed that such destruction did not occur
In VlVO. Miculicz (1890) cited by Fish (1899) and Da Costa and Kalteyer (1901) appears to have been the first person to recommend a minimum haemoglobin requirement before surgery and anaesthesia. Miculicz (1890) reported three anaesthetic deaths which at postmortem were shown to have haemoglobin levels of 15 per cent of normal. He considered that respiratory paralysis occurred with haemoglobin levels below 20 per cent of normal and recommended that the lowest haemoglobin levels at which an anaesthetic should be given was 30 per cent of normal. A haemoglobin level of 50 per cent of normal was recommended as a preoperative requirement by Fish (1899) as he considered, quote " anaesthesia is believed to be produced as an abstraction of oxygen to a limited degree from oxyhaemoglobin and the formation of a chemical compound between a portion of this blood element and the anaesthetic vapours". Da Costa and Kalteyer (1901) in supporting Fish (1899) presented an analysis of 50 surgical cases in which they studied pre and post operative haemoglobin levels and showed a three per cent fall post operatively. They considered that this fall was in part due to an increased haemolysis of the red blood corpuscles caused by the ether anaesthetic with a rapid replacement of these corpuscles by others imperfectly supplied with haemoglobin.
The above recommendations appeared to be the basis for subsequent recommendations on preoperative haemoglobin requirements, so that R. E. RAWSTRON Buxton (1914) and Lukis (1935) In some anaesthetic textbooks there is no mention of anaemia (Ross and Fairlie 1935) ; in others, while attention is given to the problem and possible hazards of anaesthetizing anaemic patients, no minimum preoperative haemoglobin level is recommended (Hewitt 1901 , Silk 1920 , Gwathmey 1925 , Clement 1939 , Macintosh and Bannister 1943 , Minnitt and Gillies 1948 , Hale 1954 , Adriani 1960 . Several of these writers mentioned that from personal experience, the anaemic patient was more sensitive to anaesthetic agents or required more oxygen during anaesthesia.
Other textbooks do recommend preoperative haemoglobin levels. Lundy (1943) recommends blood transfusions preoperatively for surgical patients with haemoglobin levels below .,)0 per cent of normal and Lee (1953) recommends much the same. Kaye, Orton and Renton (1946) suggest a haemoglobin level of 80 per cent of normal, while later writers suggest 70 per cent (Brewer 1954 , Brewer 1965 or 10·4 g-12·7 g/1()() ml of blood (Hutt 1966) . It is suggested that a haemoglobin of 40 per cent of normal (6' 4 g/100 ml) is a critical level endangering life (Brewer 1954) . In children, preoperative haemoglobin recommendations are 10 g/100 ml of blood (Smith 1963) and 80 per cent of normal (Anderson 1965) . None of these writers give specific references for these recommendations and in most cases it is not stated by the writers if the haemoglobin levels quoted by them are considered to be safe or critical levels for surgery and anaesthesia. ~Iollison (1967) in suggesting haemoglobin levels of approximately 10 g/100 ml of blood before surgery in which trivial haemorrhage is expected and 12·5 g/l()O ml in women and 13·5 g/100 ml in men for major surgery, cites Case, Berglund and Sarnoff (1955) who studied the effects of graded anaemia on coronary flow and ventricular function.
As this search of anaesthetic textbooks did not demonstrate experimental or sound clinical evidence to support or refute the recommendations made concerning acceptable preoperative haemoglobin levels, it is necessary to look at other medical literature for such evidence. Gilbert (1924) mentioned a number of cases in which surgery had been performed successfully on patients with haemoglobin levels between J 0 to 60 per cent of normal. He considered that if it was not possible to raise the haemoglobin level above 40 per cent of normal, one could, with a clear conscience and a fair chance of success, operate on subjects with haemoglobin levels of 20 per cent of normal. One writer reviewing .')0 selected surgical cases stated that patients with preoperative haemoglobin levels of 13·5 g/100 ml were preferred, as; they required fewer blood transfusions than patients with haemoglobin levels below this figure (Simpson 1960) . Some writers considered that anaemic patients are at greater risk because their blood volumes are reduced by the anaemia (Denson and Shapiro 1959) but this is not supported by other writers who consider that the blood volume appears to be near normal in chronic anaemia (De Gruchy 1964) and normal for weight in cachectic anaemic patients (Peden, Maxwell, Chin and Meyer 1960) . Also, in 7,266 consecutive surgical cases there was no significant increase in hypotension in operations under general anaesthesia with preoperative haemoglobins ranging from normal to below 8 g/1 00 ml of blood, but when conduction methods were used the incidence of hypotension increased in patients with haemoglobin levels below 8 gj1 00 ml of blood (Davis 1960) . He suggested that haemoglobin levels of less than 8 g/100 ml should be corrected before anaesthesia and surgery.
An investigation into the use of thiopentone in anaemic patients (22 per cent of whom had haemoglobin levels below 70 per cent of normal) showed that thiopentone was not contraindicated in anaemic patients but it did show that anaemia increased the period of narcosis with thiopentone (Dundee 1952).
A study on war injuries showed that a loss of 30 percent of the blood volume, not haemoglobin, was critical and that patients before, during and after surgery, did best with blood volumes above 70 per cent of normal (Grant and Reeve 1951) . However, the authors stated that they did not know to what level the haemoglobin might fall without interfering with the recovery of the patient. They suggested that the haemoglobin should remain above 60 per cent of normal (9·6 g/lOO ml) and that it should not be allowed to fall below 50 per cent (8 g/1 00 ml) for more than a short time. In another paper on war injuries the writers (Dacie and Homer 1946) considered that there is a need to know how far a patient's haemoglobin can be reduced below normal without reducing his chances of withstanding a severe operation, delaying his convalescence or wound healing, or lowering his .1llaesthesia and Intensive Care, Va!. J I', So. :), August. J!i71; resistance to infection, but they could not compile data which showed that a casualty would be better ultimately if his packed cell volume at 48 hours post injury was 30 per cent rather than 25 per cent, or his haemoglobin 65-70 per cent of normal rather than 55 per cent. In the Korean War, Artz, Howard and Frawley (1955) found that a healthy young adult could usually withstand the loss of approximately 50 per cent of his erythrocytes without serious complications but a comparable loss of total blood volume might be fatal.
In investigating the effects of anaemia on anaesthetic tolerance a restrospective clinical study reviewed 145 anaemic cases (Rawstron 1970) . In most of these cases the haemoglobin level was known to be below 10 g/100 ml of blood preoperatively and they were accepted for anaesthesia and surgery because of their emergency surgical condition or after careful clinical evaluation. The death of one anaemic patient, who died on the thirteenth post operative day, was directly due to refractory anaemia and anaemia was accepted as a contributing factor in three other deaths. Unexpected deaths also occurred in the control series and it was not possible to establish what preoperative haemoglobin levels were critical. It was concluded that the anaemic patients with or without preoperative disease presented no more difficulties during surgery, nor a higher incidence of complications in the post operative period than did the non-anaemic patients.
SPECIAL ANAEMIA AND ANAESTHESIA
There are reports of clinical conditions where anaemia was a serious complicating factor both preoperatively and during surgery, but no attempts were made to assess the effects of the anaemia on tolerance to anaesthesia and surgery. Overall, the surgical outcome was usually successful but serious surgical complications and deaths are recorded. These papers are discussed under their clinical groupings:
In this disease anaemia is a major concern and its preoperative management has been considered in many papers (Shapiro and Poe 1955 , Poe 1963 , Browne 1965 , Gilbertson 1965 , Holzmahn, Finn, Lichtman and Harmel 1969 , ffoulkes-Crabbe 1971 , Odura and Searle 1972 , Searle 1973 , Aldrete 1973 , Gillies 1974 . In general it is recommended that surgery is performed when the haemoglobin level is at the optimal normal of about 8 g/100 ml (Browne 1965 ) and blood transfusions are withheld unless the haemoglobin level is below 7 g/100 ml (Holzmann et al. 1969) or 5 g/100 ml (Searle 1973 ).
(ii) Renal InSUfficiency
In some series of renal transplants preoperative haemoglobin levels as low as 4 g/100 ml have been accepted, for clinical reasons, in patients for surgery. While generally the outcome is successful, occasional cardiac arrests and deaths have been reported in some series (Samuel and Powell 1970 , Chock 1971 , Hutchinson, Doak and Bowie 1972 , Monk and Lumley 1972 , Morgan and Lumley 1975 .
(iii) Blood Dyscrasias and Hypersplenism
Splenectomy in blood dyscrasias and hypersplenism is another clinical grouping in which preoperative haemoglobin levels well below 10 g/100 ml are accepted for surgery (Zollinger, Martin and Williams 1952 , Reynolds and Etsten 1957 , Jacoby, Hamelberg and Jones 1960 , Gomes, Silverstein and Remine 1969 , Crosby 1972 , Yam and Crosby 1974 . Mortality rates for such cases are 3 to 10 per cent (Nightingale, Prankerd, Richards and Thompson 1972).
(iv) Intentional Haemodilution (a) Cardiac by-pass. In cardiac by-pass work, intentional haemodilution may be produced, by priming the pump with solutions other than blood, in order to achieve packed cell volumes (PCV) of 20 to 24 per cent (Ablaza et al. 1963 , Cuello, Mack and Lillehei 1963 , Cooley et al. 1964 , Evans-Prosser, Smith and Robertson 1966 , Blackmore et al. 1966 , Neville et al. 1967 , Thomas, Edmark and Jones 1968 , Laver and Buckley 1972 , Wylie and Churchill-Davidson 1972 , Lawson et al. 1974 . This is a special surgical group, in which the cardiac output and arterial oxygen saturation is controlled and monitored throughout surgery and is not a satisfactory guide for general surgery where such conditions do not apply.
(b) General surgery. Recently, intentional pre-operative haemodilution has been practiced in some general surgical cases in order to conserve blood and to avoid transfusion reactions. In practice a preoperative state of normovolaemic haemodilution with haematocrit levels of 25 to 21 per cent is produced and at operation the withdrawn blood is retransfused when the operative blood loss exceeds 300 ml (Laks et al. 1973 , Laks et al. 1974 , Messmer and Sunder-Plassman 1974 , Messmer 1975 . The physiological effects of acute normovolaemic 17", R E. RA,\"sTHo~ haemodilution in man have been investigated by \Vatkins et al. (1974) and it has been suggested in an editorial reviewing this work that an acceptable haematocrit level for a mixed population of surgical patients is approximately :20 per cent (Moore 1974).
(v) J eh01 'ah' s TT'itnt'ss Faith .-\naemia and blood replacement may also be a complicating factor in surgery on patients belonging to the J ehovah' s \Vitness Faith (Rawstron 1961 1974) and a successful emergency gastrectomy is reported on a Believer with a haemoglobin level of ]:~ per cent of normal (Lorhan and Burch 1968) .
EXPERnIE~TAL A~AE~IL\
Cnfortunately, there are very few animal research projecb which have investigated specifically the effects of anaemia on animal tolerance to anaesthesia and surgery. One study on mice showed that it was necessary to reduce the mean haemoglobin levels by apI;roximately 4.) per cent before the anaemia significantly affected the tolerance of the mice to halothane anaesthesia (Rawstron 19ti8) . Another project investigating this problem in anaesthetized dogs showed that the production of acute isovolaemic anaemia with haematocrits of ] 0 per cent of normal did not cause any significant change in the minimum anaesthetic requirements of these animals (Cullen and Eger 1970) . A third study showed that the removal of approximately ]4 per cent of the blood volume of anaemic mice.
\\'ith mean haemoglobin levels of 8·n g/lOO ml of blood, did not significantly affect their tolerance to several concentrations of halothane (Rawstron 1972) . These three papers seem to be the only animal research projects designed to test directly the effects of anaemia on the anaesthetic tolerance of animals. I t is not po,;sible to compare the results in these papers owing to the species differences and the differences in experimental design.
Although there are few research projects investigating directly the effects of anaemia on anaesthetic tolerance. there are a number of projects which investigate, in lightly anaesthetized animals, the effects of acute isovolaemic anaemia on various aspects of cardiovascular activity and oxygen carriage and which may serve as a guide to the tolerance of anaesthetized animals to anaemia. In these studies isovolaemic anaemia was produced by the replacement of the withdrawn blood with electrolyte, colloid or haemoglobin solutions. Overall, these studies show that these lightly anaesthetized animals with acute isovolaemic anaemia could withstand the immediate periods of experimental study in which the haematocrit were reduced from 40 to ]O-lii per cent but could not always survive the post experimental period (Blalock and Harrison Hl27, Sunhara and Beck 1954, Fowler, Franch and Bloom] Richardson and Guy ton 1959 , :\Iurray, Gold and Johnson 1962 , Fowler and Holmes 19tH, Halmagyi, Starzechi and Homer 1965 , Takaori and Safar l!lfi6, Takaori and Safar 1967 , Rush and Eiseman 19ti7. Rush and l\Iorehouse 1967 , Gump, Butler and Kinney 1968 , Michalski et al. 1968 , l\lessmer et al. 1969 , Sunder-Plassman et al. 1971 ]972, Kaplan and :'IIurthy 1975) . Only a few of these papers reported on the survival rates of the animals in the post experimental period and they showed that the mortality rates in some series were very high. Survival was affected by the degree of haemodilution, the effective increase in the cardiac output and the type of replacement fluid used (Wise et al. Takaori and Safar 1966 ,1967 , Rush and l\Iorehouse 1967 . Takaori and Safar (1967) describe four phases of response to progressive haemodilution and consider that complete compensation occurs in phase one with haemodilution to 5·5 gj100 ml of blood and that irreversible decompensation occurs in phase four with haemodilution haemoglobin figures below 3 g/100 m!. Other workers who replaced the withdrawn blood with electrolytes solutions considered that the criticalleve1 of haemodilution was an haematocrit of ]6 per cent (Rush and Eiseman 1967). Still others suggested haemoglobin levels of 6 to 9 g/lOO ml to be critical as the compensatory mechanisms for oxygcn carriage were insufficient when the haemoglobin levels fell below 50 per cent of figures are not however absolute as the replacement fluids used influenced the degree of haemodilution which was tolerated. Macrodex allowed greater degrees of haemodilution than electrolyte solutions (Takaori and Safar 1966 , 1967 , Rush and Morehouse 1967 and others showed that the haemoglobin could be reduced safely to 2·8 g/100 ml with Macrodex but only to 7·5 g/100 ml with Haemaccel (Messmer et al. 1969) .
The primary purpose of the above studies on haemodilution was to study haemodynamics effects of acute isovolaemic anaemia. These papers demonstrate the importance of an adequate increase in cardiac output to compensate for the decreased oxygen carrying capacity due to the haemodilution but most papers showed that such increases did not occur until the haemoglobin was reduced to 7-1U .g100 ml of blood. Some papers also showed that the cardiac output did not increase further when the haematocrit levels fell below 12-10 per cent (Race et , Takaori and Safar 1967 , Sunder-Plassman et al. 1971 . One study showed the importance of a satisfactory increase in cardiac output, where seven dogs out of ten with satisfactory increases in cardiac output survived acute haemodilutions to 3 g/100 ml of blood but the other three dogs, which had low cardiac output increases, djed (Takaori and Safar 1967) . Besides an increase in cardiac output the regional redistribution of blood is important in anaemia. Race et al. (1957) studied regional blood flow and showed selective redistribution of the blood flow following a 100 per cent increase in cardiac output. They showed that while the same percentage flow increased in coronary, vertebral and lower aortic vessels, the increased flow in the renal, hepatic and left carotid arteries was less than the cardiac output increase. The study cited by Mollison (1967) showed that coronary vasodilation and coronary blood flow increased to a maximum at haematocrit levels of 32 per cent.
It also showed that ventricular function was stable with haematocrits ranging from 43 to 32 per cent but began to decline at haematocrits ranging from 31 to 24 (Case, Berglund and Sarnoff 1955) . Another study on coronary flow showed that the blood delivery to the left ventricle was evenly distributed with haemoglobin levels between 5 to 10 g/100 ml of blood but that it was diverted away from the subendocardium, with resulting ischaemia, with haemoglobin levels below 5 g/100 ml (Brazier et al. 1973 ).
Some of the haemodilution studies quoted above investigated the optimum haematocrit levels for maximum oxygen carriage. One group showed that the optimum level was approximately 40 per cent (Richardson and Guy ton 1959, Murray et al. 1962) . This is the same haematocrit level which was shown to be optimum for the survival of unanaesthetized dogs at simulated high altitudes (Smith and Crowell 1963) . In haemorrhagic shock the optimum haematocrit for the survival of anaesthetized dogs was 35 to 42 per cent (Crowell, Bounds and Johnson 1958, Crowell, Ford and Lewis 1959) . However, when the effects of isovolaemic haemodilution on whole blood viscosity and tissue flow was used, as well as cardiac output changes, it was calculated that the optimum tissue oxygen supply occurs at an haematocrit of approximately 30 per cent (Hint 1968) . Isovolaemic studies on anaesthetized dogs have confirmed this calculation (Sunder-Plassman et al. 1971 , Messmer et al. 1972 , Gruber and Rittman 1974 .
DISCUSSION
In this search of the medical literature in English, it appears that the presently accepted preoperative haemoglobin requirements for surgery stem from the recommendation for a preoperative haemoglobin level of 30 per cent of normal (Miculitz 1890). This was increased to a haemoglobin level of 50 per cent of normal by Fish (1899) and De Costa and Kalteyer (1901) , and has subsequently been increased to 70 per cent of normal (10-10·5 g/100 ml) or higher, without any direct investigation into the effects of haemoglobin levels or patient tolerance to anaesthesia and surgery (Davis 1960 , Rawstron 1972 , Gillies 1974 , Morgan and Lumley 1975 . Unfortunately, this figure of approximately 10 g/100 ml of blood has generally been accepted un critically for all types of surgical patients without consideration of the other factors of oxygen flux (Nunn and Freeman 1964 , Grenvik 1966 , Hogman 1971 , Garby 1971 , Gillies 1974 as well as being used for all age groups, irrespective of differences in mean haematological levels and oxygen requirements in these groups. However, while accepting that anaesthetists should consider all components of oxygen flux and not rely solely on haemoglobin levels as a guide to oxygen carriage (Nunn 1971) it is not possible to measure or monitor all these components routinely in most surgical patients or hospitals. It seems necessary therefore to establish what haemoglobin level is a safe one fo; major surgery in the patient whose other systems involved in oxygen flux appear clinically normal, or alternatively, in the same type of patient what haemoglobin level causes significant alterations in the patient's tolerance to anaesthesia and surgery. If such haemoglobin levels can be established then it would be possible to estimate clinically what haemoglobin levels would be desirable when there are clinical changes in the other systems associated with oxygen supply to the tissues.
It is not necessary to consider fully the factors involved in oxygen flux as this has been done previously (Nunn and Freeman 1964 , Grenvik 1966 , Hogman 1971 , Garby 1971 , Rawstron 1972 , Nunn 1971 , Gillies 1974 . However, the equation that tissue oxygen supply is the product of cardiac output, haemoglobin concentration, oxygen saturation and oxygen releasing capacity (Hogman 1971 , Garby 1971 ) may appear simple, but is in fact very complex. Each factor in this equation is subject to change due to other factors not specifically expressed in this equation, and all of these should be included in any consideration of tissue oxygen supply. In cases of severe acute blood loss all factors concerned in oxygen flux may be decreased, resulting in a marked decrease in oxygen carriage which may result in hypoxia (Nunn and Freeman 1964) . However, in cases of acute isovolaemic haemodilution or chronic anaemia compensatory increases may occur in some of the components, which may assist in maintaining a satisfactory tissue oxygen supply (Hint 1968 , Dormandy 1970 , Messmer et al. ] 972, Watkins et al. 1975) .
The effects of anaesthesia and surgery on these various parameters must also be considered, for clinical anaesthetic agents, anaesthetic techniques and surgical procedures, may reduce cardiac output during surgery and oxygen demands in the post operative period may be increased considerably due to shivering (McGregor et al. 1958 , Wylie and Churchill-Davidson 1966 , Bay, Nunn and Prys-Roberts 1968 , Prys-Roberts ]970).
One considers from the papers discussed earlier that the usually recommended haemoglobin level of 10 g/100 ml of blood is a safe haemoglobin level for the performance of major surgery in the otherwise fit patient with a normal blood volume, a competent cardiovascular system and a normal respiratory system. At this level, in such a patient, there is a much larger supply of oxygen to the tissues than is required for normal metabolism, so providing a reasonable margin of safety. Some recent experimental work indicates that the tissue oxygen supply is maximum at approximately 10 g/100 ml of blood (Hint 1968 , Sunder-Plassman et al. 1971 , Messmer et al. 1972 , Gruber and Rittman 1974 . Other studies show that the ventricular force and the ventricular blood supply are normal at this level of haemoglobin (Case et al. 1955 , Brazier et al. 1973 . The reduction in blood viscosity may be beneficial also to the organism (Dintenfass 1968 , Dormandv 1970 , Sunder-Plassman et al. 1971 , Watkins et al. 1974 . At this haemoglobin level there is also a considerable cardiac reserve which may be invoked for the maintenance of oxygen carriage, as consistent increases in cardiac output do not occur in man until the haemoglobin level is reduced to approximately 7 g/lOO ml (Brannon et al. 1945 , Blumgart and Altschule 1948 , Korner 1959 , Varat, Adolph and Fowler 1972 974). There would therefore appear to be a good margin of oxygen reserve at a haemoglobin level of 10 g/lOO ml and recent clinical work using preoperative isoyolaemic haemodilution supports this view that 10 g/ 100 ml of blood is a safe haemoglobin level for major surgery (Lake et al. 1973, l\Iessmer 197i) ).
In the cases in which the other components of oxygen flux, excluding haemoglobin, are markedly reduced a haemoglobin level higher than 10 g/100 ml might be considered necessary for safe anaesthesia and surgery (Nunn and Freeman 1964) . Therefore in some cases the ideal, but usually impractical figure, might be an haematocrit of 35 to 40 per cent, the figure shown to be most successful in combating haemorrhagic shock in anaesthetized dogs (Crowell, Bounds and Johnson 1958, Crowel!, Ford and Lewis 1959) .
If a haemoglobin level of 10-]0·5 g/100 ml of blood can be considered as a safe preoperative haemoglobin level for major surgery in the otherwise fit person, what haemoglobin level may cause significant decreases in the same patient's tolerance to anaesthesia and surge! y ? It is not possible to test this in man directly but the animal studies on isovolaemic haemodilution in anaesthetized dogs reported earlier show that acute haemodilution causes a significant effect on survival rates at a mean haemoglobin level of approximately 5·5 g/100 ml -range 2 ·8-7·5 g/100 ml of blood-(Wise et , Rush and Eiseman 1967 , Takaori and Safar 1966 , 1967 , Messmer et al. 1969 . Even though these animals were lightly anaesthetized, it is doubtful if the anaesthetics used influenced these results as it was shown that acute haemo-Anaesthesia and Intensive Care, J·ol. / I', Xo . .3, August. 1971; dilution to the above level did not affect the minimum anaesthetic concentration of the dogs (Cullen ana Eger 1970). One would expect however, that under clinical conditions, the anaesthetic agents and techniques and the surgical procedures will alter the effects of the haemodilution and reduce anaesthetic and surgical tolerance, owing to their effects on the cardiovascular system (Wylie and Churchill-Davidson 1966 , Bay, Nunn and Prys-Roberts 1968 , Prys-Roberts 1970 the pulmonary system and arterial oxygen saturation (Nunn 1966 , Nunn 1969 . In mice,when high concentrations of halothane were used to determine halothane concentrations required to kill 50 per cent of the mice, a significant effect was shown when the haemoglobin levels were reduced by 45 per cent, i.e. to haemoglobin levels of 8·9 g/100 ml (Rawstron 1968 ), but similar studies have not been done on other animals. As the efficiency of the cardiovascular system is essential to allow for compensatory changes such as an increase in cardiac output with isovolaemic haemodilution (Wise et , Takaori and Safar 1966 , 1967 , Watkins et al. 1974 , haemoglobin levels which decrease cardiac efficiency or tissue oxygen supplies may give a guide to the minimum haemoglobin levels compatible with safe anaesthesia. A reduction in ventricular force was shown when the haematocrit levels were reduced to 31-24 per cent (Case et al. 1955) , although a review of this work set the level at 20 per cent (Korner 1959). Subendocardial ischaemia is shown to occur with haemoglobin levels below 5 g/100 ml (Brazier et al. 1973 ) and uneven tissue blood flows occurs with haematocrit levels below 25 per cent (Messmer et al. 1972) .
One cannot transpose these animal experimental results directly to clinical conditions in man, but they do suggest that haemoglobin levels between 5-8 g/100 ml affect ventricular function and tissue blood flow and could decrease animal tolerance to clinical levels of anaesthesia. In man, consistent increases in cardiac output occur with chronic anaemia and isovolaemic haemodilution at haemoglobin levels of 7 g/100 ml (Brannon et al. 1945 , Korner 1959 , Varat et al. 1972 , Watkins et al. 1974 , and this, coupled with the above effects occurring with similar haemoglobin levels in animals, suggest that haemoglobin levels of 7-8 g/100 ml may significantly reduce patient tolerance to clinical anaesthesia and surgery. This would support other reports where haemoglobin levels 0f 7 g/100 ml is recommended as the lower acceptable limit for preoperative isovolaemic anaemia (Moore 1974) and Grant and Reeve (1951) suggested a lower haemoglobin level of 8 g/100 ml, in war casualties.
In anaesthesia and surgery clinicians show much concern about the lower levels of haemoglobin which are acceptable for surgery but except in cases of polycythaemia vera, upper acceptable haemoglobin levels are not usually discussed as it seems to be generally thought that the oxygen carried and the oxygen available to the tissues is increased with increasing haemoglobin levels. The various experimental studies reported here show that this is not so, as optimal levels of oxygen carriage in normovolaemic lightly anaesthetized dogs are calculated to occur at haemoglobin levels of 40 per cent (Richardson and Guy ton 1959, Smith and Crowell 1963) or at an haematocrit of 30 per cent when the effects of reductions in blood viscosity are included in the calculations (Hint 1968 , Sunder-Plassman et al. 1971 .
There is also an inverse relationship between the cardiac output and blood viscosity, which in turn is directly related to the haematocrit and the fluidity of the red cells (Richardson and Guy ton 1959 , Dintenfass 1968 , Dormandy 1970 , Eastham 1970 . Increases in haematocrit levels above normal have a much greater effect on cardiac output than do decreases (Richardson and Guy ton 1959, Eastham 1970) and the increase in viscosity with high haematocrit levels may be a factor in thrombotic episodes (Dormandy 1970 , Dintenfass 1968 .
There is evidence to suggest therefore that even if preoperative haemodilution techniques are not used routinely to achieve haematocrits of 30 per cent or below (Laks et al. 1973) , some form of haemodilution may be advantageous, preoperatively or intraoperatively, to reduce high haematocrit to between 30 to 40 per cent (Dintenfass 1968 , Dormandy 1970 , Bergentz 1972 . 
